A critical assessment of available waste anaesthetic gas scavenging devices was made by simulating the worst theatre conditions as well as ideal conditions. Only one of the scavenging devices tested proved to be unacceptable. However, the critical nature of suction flow rates was revealed and the ineffectiveness of air conditioning in the absence of adequate scavenging was highlighted.
INTRODUCTION
Occupational exposure to trace amounts of anaesthetic gases and vapours has aroused increasing concern and is considered apotential health hazard for the personnel employed in the operating theatre and other work areas. Continuous long-term exposure to low levels of these agents in the operating theatre environment is reported to be associated with a higher incidence of both spontaneous abortion in pregnant females and congenital malformations in live born children where the mother is continuously exposed in the first trimester of pregnancy. 1 ,2,3,4,5,6,7 Moreover, a higher incidence of malformations has also been observed in the live born children of male anaesthetists in some studies. J. 8 In addition, an increase in the incidence of cancer has been reported in female anaesthetists. 1 ,9.10 However, recent in vitro mutogenicity studies have been negative except for fluoroxene .11 Hepatic disease has a higher incidence 1 ,7 in exposed male and female anaesthetists.
Reduction in skilled performance 6 • 12 ,I3,14 while in operating theatres has been ascribed to anaesthetic pollution. While no cause-effect relationship has been established conclusively, many of these reports strongly suggest that the above conditions can be attributed, at least in part, to waste anaesthetic gas pollution. For example, similar abnormalities to those described were detected in a group of exposed dentists compared to dentists who did not use inhalation anaesthetic agents in their practice. 15 Also, recent studies have shown a significant increase in the rate of drug metabolism in anaesthetists t6 and increasing evidence points to anaesthetic metabolism as a mechanism of toxicity. 17 The balance of the foregoing evidence suggests that anaesthetic agents may be the causative factor, or one of several causative factors, in the occupational hazards reported. Thus, reduction in the level of waste anaesthetic agents in operating theatres and all areas where these agents are being exhausted into the atmosphere has been defined as a rational response to the above data by the National Health and Medical Research Council of Australia. IS The four main methods to reduce pollutant concentrations of anaesthetic gases and vapours to below the accepted achievable levels (25 parts per million (ppm) of nitrous oxide and 0.5 ppm of halothane)19 are as follows -1. Modification of anaesthetic technique.
This includes safe handling of volatile agents to minimise spill and use of an appropriate "pin-indexed" vaporiser. 2. Installation of a total and dedicated waste gas scavenging system. 3. Provision of an efficient air-conditioning system to remove traces of waste anaesthetic gases resulting from high and low pressure leaks, technique error and scavenging malfunction. 4. Regular "in-house" maintenance of anaesthetic machines, particularly the patient circuit which has many potential low pressure leak sites. The present communication reports on the testing of various combinations of scavenging devices available in Australia and was compiled between August 1977 and September 1978.
METHODS

An
operating theatre awaiting commissioning (with a floor area of 53 m 2 and a volume of 154 m 3 ) was used as the site of this study.
6·0m 7·1m A
A Medishield TM41 anaesthetic machine and a Drager test lung, connected via the appropriate circuit, were used during these tests and were located in the positions indicated in the floor plan ( Figure 1 ). The adult scavenging devices were tested under conditions of mechanical ventilation (IPPV) using a circle circuit, a Medishield 'Ventviva' bag-in-bottle system, and a MK7 Bird Ventilator. In this system, the expired gases mix with the exhausted ventilator driving gas. One limb of the scavenging tube was connected to the expiratory valve of the Ventviva, while the second parallel limb was left attached to the shut down spill valve fitted to the circle absorber head ( Figure 2 ). This second limb was left attached because this is the configuration used in clinical practice and because small leaks of anaesthetic gas could occur from this valve even though it is closed down.
The paediatric scavenging devices were tested with a lackson-Rees modification of an Ayres' T-piece circuit connected to the test lung. Scavenging was from the tail of the breathing bag and the system was tested under conditions of manual ventilation ( Figure 3 ). All scavenging devices were activated by either hospital vacuum or by a dedicated vacuum as provided from a ceiling mounted pendant (Drager Type 3). TYPES OF GAS EVACUATION SYSTEMS All gas evacuation systems then available were tested. For the C.LG. Medishield range, the interface assembly between the breathing circuit and the suction disposal unit (Figures 2  and 3 ) was constructed of clear polycarbonate; it had a capacity of two litres and relief holes at the base to prevent suction build-up, a high density plastic head with entry ports for attaching tubing from the expiratory valve on the absorber unit and exhaust port of the ventilating unit ( Figure 2 ). The systems tested were:
Anaesthesia and Intensive Care, Vol. VIII, No. 1, February, 1980 Medishield scavenging unit attached via an adaptor to the tail of the bag of the lackson-Rees T-piece apparatus as used during paediatric anaesthesia.
Dniger
Interface. Drager* active scavenging system based on the venturi principle. This is driven by compressed air at 5 bar from the central supply. The ejector itself is located on an outside wall of the building or on the exhaust duct of the air conditioning system. It evacuates the surplus gases and vapours away from the operating theatre through a vent pipe of to act as an interface for scavenging the lackson-Rees modification of the Ayre's T-piece. The conversion is effected by drilling eight one centimetre relief holes ( Figure 6 ), connecting one limb ("patient") to the tail of the bag and the other limb to the dedicated scavenging system. Volume of the reservoir is 1.5 litres. 7. Q.E.H. A prototype of the Queen up to 30 metres length to the outside atmosphere or into an exhaust duct. The anaesthetic waste-gas socket is built into a ceiling mounted column and connected with the outlet nozzle of the anaesthetic apparatus by means of a hose and adaptor ( Figure 5 ). The rubber part of the adaptor which has three relief holes, does not include an adequate reservoir facility. Sixty-four preliminary experiments were carried out with wider variations in air conditioning (full, half, nil), fresh gas flow (31, 61, 91, 121), ventilation rate (8 and 12 per minute), tidal volume (1000 ml, 750 ml, 500 m1) and suction flow rates (20, 30, 40 lImin) . Conditions for the paediatric circuit were based on patient weights of 6 kg, 16 kg and 24 kg. A representative sample of the results obtained in the preliminary experiments is shown in Figure  7 . Analysis of the data indicates that the most sensitive assessment of the factors involved in effective scavenging would be gained by concentrating measurements upon the upper limits of conditions which are noted in 1 and 2 above. The choice of 0.5% concentration of halothane represents a commonly used concentration of halothane when it is used as a supplement to a nitrous oxide/oxygen, relaxant anaesthetic. The use of higher concentrations of halothane would lead to proportionately higher levels of halothane in the atmosphere.
MEASUREMENT TECHNIQUES
Preliminary testing of the scavenging devices indicated that the exposure of the anaesthetist could best be indicated by measuring the concentration of nitrous oxide (N20) and halothane in parts per million (ppm) at a height of 1.5 metres, at head of operating table, as shown in Figure 1 . Previous testing has shown that the atmospheric anaesthetic levels were higher in this position than in any other position occupied by personnel in the operating theatre and observation of anaesthetists in theatre indicated that the majority of their time was spent either sitting or standing in this area. The concentrations of nitrous oxide and halothane were measured using Wilks Miran infrared analysers (Model lA for halothane and Model 101 for nitrous oxide). Initial assessment of gas analysis equipment had confirmed that the Miran range of infrared analysers provided a practical and reliable method of measurement. Readings were taken when the Anaesthesia and Intensive Care, Vol. VIII, No. I, February, 1980 atmospheric concentrations of anaesthetic agents reached plateau levels under each of the conditions listed previously, viz. fresh gas flows, ventilation rate and tidal volumes.
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RESULTS
The results of measurements of pollutant concentrations of N20 and halothane for the scavenging devices tested under mechanical ventilation (IPPV) and manual ventilation (Paediatric) are shown in Table 1 and Figure 8 . The errors quoted are based on the standard percentage errors determined in the calibration of the infrared analysers (unpublished results).
The rate of build up of nitrous oxide in theatres with no air conditioning for the various devices operating at 20 lImin and 30 lImin are shown in Figure 9 and Figure 10 .
The results shown in Table 1 
DISCUSSION
There are three major components of a waste anaesthetic gas scavenging system (Figure 4 ).
The Scavenging Exhale Valve (Gas
Capturing Assembly) must capture all gas spilled from the breathing circuit and conduct it to an exhaust disposal point. The valve should function as a normal "exhale" valve and not significantly alter either circuit pressures or delivered gas concentrations. 2. The Interface. An interface or balancing valve, between the "exhale" valve on the breathing circuit and the disposal route, is essential for safety. When vacuum scavenging is used, negative pressure can be transferred to the circuit, collapsing the reservoir bag and placing the patient at risk. In addition, as with any circuit, high pressure can result from the occlusion of the outflow line. The interface, therefore, must eliminate the possibility of negative or positive pressure developed in the exhaust route being transmitted to the breathing circuit. The interface should be so designed that it incorporates a reservoir of adequate capacity. If the expired gas mixes with the ventilator driving gas then the interface must be of sufficient volume to accept both the expired gas and the ventilator driving gas discharged during each expiration, so that there is no spill of gas into the operating theatre atmosphere when the expired and ventilator gas flow rate exceeds the flow rate of the disposal system. 3. The Disposal/Exhaust Route. Several options exist for the disposal of waste gases. In operating theatres with effective non-recirculating ventilation systems (100070 fresh air), waste gases may be conducted by wide-bore tubing to an existing floor level exhaust grill, where the flow of air around the fixture into the ventilating system exhaust removes these gases effectively. Ideally, the disposal tubing should be run overhead to minimise the risk of occlusion. A window or wall air conditioning unit is not effective for this purpose as many anaesthetic gases and vapours are denser than air and may sink towards the floor if not immediately exhausted after their exit from the scavenger tubing. A recirculating air conditioning system is not suitable because it would contaminate all rooms connected to the common manifold. In this case, a vacuum source may be utilised to eliminate the waste gases. vacuum system, or its integrity in cavity walls, then a dedicated suction system should be used. In the redesigning of existing operating theatres or in the design of a new operating theatre suite, a separate "dedicated" anaesthetic gas scavenging system should be mandatory. The inlet to the system should be close to the anaesthetic machine and should provide a high flow rate (30-40 IImin) (not necessarily high vacuum) to convey the waste anaesthetic gases to a disposal site outside the operating theatre work area in such a manner that occupational re-exposure does not occur, nor are explosion hazards incurred.
It is clear from the results of the present study that the efficiency of suction and air conditioning systems influence atmospheric anaesthetic gas concentrations. Effective air conditioning, by itself, cannot compensate for an inadequate gas capture system, and conversely, poor air conditioning will not adequately dispose of gases spilled inevitably from such a system. The present study has highlighted the critical importance of both effective suction systems and air conditioning.
Lack of attention to anti-pollution measures can completely nullify the most effective gas scavenging system. Employing an anaesthetic technique which avoids leaking agents without compromlsmg the administration of the anaesthetic can significantly reduce levels of trace anaesthetic agents in the operating theatre environment. Some suggestions are -1. Avoid turning on the nitrous oxide or the vaporiser until the mask is fitted to the patient's face or the patient is intubated and connected to the circuit.
2. Turn off the supply of anaesthetic agents and empty contents of the rubber bag into the interface prior to suctioning or extubation to prevent the unopposed leak of gas into the environment. 3. At the end of an anaesthetic and before extubation or removal of the mask, continue to administer oxygen alone for as long as possible so that the scavenging system can remove the exhaled anaesthetic agents. 4. A good mask fit is important when using assisted or controlled ventilation. A poorly fitting mask results in high environmental levels. 5. Exercise care in filling the vaporiser and avoid unnecessary leak of volatile agent into the operating theatre work area. In the present study, under conditions of good air conditioning (30 changes per hour) all scavenging devices, with the exception of the Drager interface, resulted in concentration levels below the limits recommended for chronic exposure (Table 1 and Figure 8 ). Efficiency of the interfaces was further highlighted by observing their performances under conditions of no air conditioning.
It can be noted from Figures 9 and 10 that the rate of build up of nitrous oxide seems to be proportional to the final plateau concentration in most cases. The times taken to reach equilibrium were between 15 and 90 minutes.
These results also highlight the critical nature of this particular test, e.g. the Paediatric-Holland scavenging device at 30 lImin suction flow rate gave a plateau value of 10 ppm, whereas at 20 lImin it was 170 ppm. Hence, this scavenging device was only effective at high suction flow rates. On the other hand the "Paediatric-Medishield" scavenging device proved to be more efficient both at high and low suction flow rates ( Table 1 and Figure 8 ).
EFFECT OF SUCTION FLOW RATE
The critical nature of suction flow rate is highlighted under conditions of no air conditioning when the efficiency of the scavenging unit improves by increasing the suction flow rate from 20 to 30 lImin (Table 1) . In most interfaces, this change lowers the concentration of waste anaesthetic gases from above acceptable to within acceptable levels.
The effect was still noticeable with full air conditioning, but the combination of air conditioning (30 air changes/hr) and 20 lImin suction flow rate was sufficient to maintain acceptable levels (with the exception of the Drager interface).
EFFECT OF AIR CONDITIONING
If the active scavenging system is inefficient because of either design problems (Drager interface) or inadequate suction flow rate (Paediatric-Holland interface with a suction rate of 20 lImin), then the effect of good air conditioning (15 or more air changes/hr) is to lower the levels of waste anaesthetic gas pollution. The preliminary report indicated that 15 air conditioning changes per hour were adequate in maintaining anaesthetic pollution Anaesthesia and Intensive Care, Vol. VIII, No. 1. February, 1980 concentrations within the recommended levels for most of the interfaces (except the Drager interface), provided a good suction flow rate of 30 lImin or better was used ( Figure 7 ). However, air conditioning alone cannot overcome the problem.
Essentially, a scavenging unit should scavenge to well below the recommended values so that air conditioning can take care of minor unavoidable leaks in high and low pressure gas lines and the patient circuit. In addition, unavoidable clinical manoeuvres increase "leaks" of pollutant agents into the atmosphere. In most cases with no air conditioning and adequate suction, the waste anaesthetic gas concentrations were below recommended values; air conditioning reduced the concentrations still further ( Table 1 and Figure 8 ).
CONCLUSIONS
By simulating the worst theatre condition as well as an ideal condition, a comprehensive study of the resulting waste anaesthetic levels was made possible. The effectiveness of available scavenging devices was determined under these conditions. Only one of the scavenging devices tested was found to be unacceptable.
The study highlighted the critical nature of scavenging suction flow rate and also showed the ineffectiveness of air conditioning by itself.
To control waste anaesthetic gas pollution effectively, a combination of active scavenging, good air conditioning, good circuit maintenance and attention to certain aspects of anaesthetic practice, is necessary.
